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ABSTRACT
T0PE3X/Poscickrn  is a scientific sa[cllitc, launched successfully

on August 10, 1992 to map the surface topology of (hc car[h’s
oceans. The clcctricsil power sys(cm for this sa[clli[c consists of
llIc following clcmcnls: a single wing, solar arlay, a solar array
drive & pmvcr transfer assembly, a peak Ixrwcr tracker. and
s[oragc ba(lcrics. The salcllilc’s  clcclronics arc dcsigncrl fur a
tlmcc-year prin)ary mission. Brxausc of a polci)tial mission
cxtcmion,  lhc solar array, ballcrics, and propc]lant arc siz,c(i for
a flvc year mission goal. ‘Ellis  paper addresses an overview, of
the M’S and Ihcn pcrforn)ancc prcdic[ions beyond five ycals arc
made. The E?PS will meet all the mission rcqoircn)cllts of the
l’OPllX/f’oscirEon  Spacccraf[ for sc.vcn yc.ars.

con[rar[or under JP1,, };airchild Space (now (l bital Sciences
(Ior]x)l ation) Designed, built, integrated, and tcs[cd the satellite.
The p~wcr subsystem cnginccring and the solar array subsystcm
dcsig[i  were performed by I:airchild.

Electf ical Power Subsystem
A diagram of the TOI’I;X satellite is shown in Figure-l. A

block {Iiagrarn of the f3cctrical POWCI Subsystem (l;.l’S) is shown
in Fi~urc-2. S/A powci is transferred through the S/A drive
asscml)ly via slipri[lgs. l’l Ic s t a n d a r d  Ixrwcr regula!or unit
(SPRII) within the MPS  serves as the power processing intcrfacc
bctwccn the S/A and the sa(cllitc load. Thrcz 50 A}l batteries
locatc,l i n  t h e  M I ’ S  s u p p l y  pcrwcr whcncvcr [hc l o a d
rcqoilcmcnts cxcecd the SPRU outpu t ,  and  doring S L I n
occLllt  aliens,

INTRODUCTION
‘flc TOPllX/Poseidon Satclii(c.,  herein abbrcvia[cd TO1’EX

(ocean Topq,rnphy  I;xpcrimcnt), measures the earth’s ocean
surface topogmphy  (wave hcig,hls)  from space using raciar
altimeters. TOPE3X was launchc~i from the Kourou Space C’cnicr
in frcnch Ciuiana in[o a nominal circular oli~ii wiii) an aitilo[ic  of
1334 Km and an inclination of 66 dcgrccs. Ti~c sa~cliiic
clcc[ronics arc designed for a ihrcc ycm primary mission.
Rccausc of a potential mission extension, the solar anay (S/A).
baticrics.,  and propellant arc si~~ci for a five year Inission.

Organization. TOPIZX/Poscicion  is a joint n:issicm bctwccn
NASA and the Frrmch CNf3, in support of the World Ciinuric
Rcscarci] Program. J1’1, manages ti)c i>rojcc[ for tile NASA
of flcc of Space Scicncc an(i Applications, As the I’OPI!X pt ilnc

—.
‘I”ilis u,ork  was pcrfrmncd  for Ihc JCI l’r(~mision  i ~iwratcny,  (’aiifornia
Inslilute o f  ‘1’cchmdogy,  S]xmsorcd  (Iy tiIc Na[ional  Acronau(ics and
Space Ariministra!  ion,

EPS PERFORMANCE PREDICTIONS

Solar *-—
Tile solar array is designed io Jmvidc  about 1043  watts of

powc]  to the satellite loads after processing ii]rougi] Ihc MI’S, ai
(iic cII{i of five years in orbit and its fligili pcrfonnancc  is
Cxcclicnt.

TiwIc arc thlcc main reasons wily the solar an ay is cxi>cc[mi
(0 Sll])i)orl TCJPI;X nlis$iorl  (while sopp]ying Ii]c spaccc[aft full
load ]mvcr)  beyond five years.

Reason-1. Dorinx ti)c T’01’IIX  I’l>R, tile riirc<tiold—
rccol]]ll~ct]datiotl  was [o employ a raciiaiion cicsign margin
(KI>M) of iwo anti la[cr on i[ dropiwi  to i.ti. l’i]is is cquivaicn~
(o a RI)M of 2 for illc flrsi tiucc years of (I)c mission and 1 fol
Iiw fourli~ an(i fiftii ycals. l’ilis rccolnmcl]dalion  mlgll[ bc
inicrl)]ctcd by some io rcsul[ in a conservative design, bll[ by



Cr[hcrs as a caotioas  design approach. This is kxrusc lllcrc v,fas
no prcvioos sa[clli[c wllicll flew il~ this orl)it;  tl~is RIJM might in
fact tw uscfol ia prolonging the nlission if lhc clcclronics last
bcyonrf  five years. Also noIc tha[ tlIc I’()]’[lxfl)c)scicl()ll  cnlploycd
~lrrss-S p<wl program. l’hos, it can bc inlcrl)rc(cd that tl]crc was
“cxpcricncc and fore-lhoogh(” behind [hc dil cclion 10 LIW an
RIIM of 1.6. SolaI allay  flight pclfori]~allcc  [ 1 ] indicalcs  [Ilcrc
is no adcfi[ional  degradation amf IICI)CC,  Ihc usc of tl]c RI)M of
1.6 will result in abool 5% InoIc [rower fro[n tlIc solar allay at
Ihc cod of life  of five years,

Reason-2. lJLlring (IIC l)lJR and the CI)R design ptiascs, it
v,,as diffrcolt 10 crmstrict lhc launch cfatc sil~cc uncxpcclcct  cvcnls
may occor and the laonch can bc delayed. } {cncc, flw S/A has to
bc rfcsigncd assollling an Llllcotlslraincd  l a u n c h  d a t e .  _f’his
resulted in [hc assumption of a sammcr solstice Iaaoch, I’flas, the
Tol’EX/f’oscidrrn lflunch on August 1 (), 1992 rcsaltcd in aboat
l% more Jsowcr at Ihc cnd of Iifc of frvc years.

Reason-3. Tf]c spacccraf[ lx~wcr cor~sumplion  i)t Ihc cnd of
five years is compolcd to bc 1013 waits an(i  a[ [hc twginning of
Iifc 10 bc aboLll 1000 walls. }Iowcvcl.  corrcn[ spacccraf[ orl)ital
average power consumption seems to bc aroond 850 watts. As
lhc spacccraf( ages, varioos degradations take place, i.e., bca[cr
power c.onsomplicm  incrcascs, cfflcicncy of vario Lls clcclronic
onits degrade rcsolting in lnorc power demand, cllargc cfflcicncy
and cnd of nigh( vol(agc (Figorc-3) of Ihc ba((crics dc~radc wi[ll
cycle life, solru panels ron al high Icmpcralorc at WI. compared
10 ~OL,, ctc. ‘f ’flOS power demand is cx]wc[cd to incrcasc 10
abcml 970 walls and this rcsalls  in almol 7% nlorc lxrwcr at the
cnd of life of five years.

Performance Analysis. AS patt of the EYS design and
cval Ltation, F a i r c h i l d  dcvclopcd [hc compatcr  proglaln
“POWERT”  [2]. This program cnablw onc w con]polc/prcdici
lhc solar array performance. ondcr varioLls operating conciitions
and mission life dora[ions.  ‘f’his program was originally validated
osing the groond mcasorcd d a t a a n d  rcccn[ly tclcnm[crcd/
n~casLrrcd solar  arIay ootpot da[a [ 1 ]. lhos, [hc “POWfRT”
compolcr program is osc41 10 prcdicl Ihc solar an ay pm formancc
at tl)c cnd of 6, 7, and 8 years. Varioos solar ar(ay degradation
factors assomcd in (his analysis arc tabalatcd in l’able- 1. As (hc
solar array degrades with life, lower and lower amounts of
incident solar COCI  gy is convcl [cd into clcch icity, and more
energy is dissipated on IIIC solar an ay lhcrcby rcsalting in higher
solar panel opcraling Icmpmalurcs. As [hc bat[cry end of orbital
night voltage dccrcascs/degrades wi[h cllargc-discharge cycle
life, SPRU in-take energy doring  Ci]cl]  sonrisc dccI cases.

Results. All tlwsc factms arc included in plcdicting the solar-—
array pcrfbrman  m-. and the rl.s Lilts of these ana]yscs arc
prcscntcd in colomns 1 (o 5 of Tal~lc-2. I’llc last colalnn of this
lablc presents tbc cstitnalcd spacecraft power demand. It is very
clear from lhis titt)lC lhal Ihc spacecraft power demand can bc
met for more than 7 years assoming  all other clcctlonics remain
inlacl.

Storage Batteries-.— ——
Faitchild’s  cxtcnsivc itl-hoosc stody rcsollcd in selecting the

hlMS b u s  f o r  mcc[ing t h e  l’01’IIX/f’oscidrrn  m i s s i o n
rcqoiltmcnts  while mriintail~ing flight heritage. The Mmfular
p[)w,c]  SLlbsYslclrl (MPS)  part of the MMS bus has a provision

to I1OOSC op to three hTASA  Standard 50 Al{ Nickel-~acfnliLln~
(22 CCII) baltcrics, I’flis dcsi~n did not l]avc llIc [,iovisirrn for CCII
bypass in case of cell dcgrada[ion.  As no singtc point f~ilarc
shoold jcopardir.c ttlc n~ission, energy  slordgc t]attcrics tvc,rc
siz.cd to complc[cly  [akc C:UC of a single point failorc. Two 22-
CCII 5(t Al I Nickel ~adroiarn bat[erics arc adequate to nmct the
energy storage rcquilclncnts while satisfying ttlc depth of
dischalge and CIKI of ni~ht battery bLls voltage at lI)c cnd of flvc
years [3]. However, 1 0  salisfy I]tc s ing le  poin t  failorc
r~qUi~L>[llcnt, three such ba[tcrics were employed,

Bascpla(c imbxfdcd bcatpipcs force  a l l  three  ba[[crics 10
opcra!c at the same tcmpcra[orc, lhcrcby eliminating tllc
dcgrada[ion  otiicrwisc indamd by  the tcmpcratarc  diffcrcn[ials
bctwccn the thlcc trattcrics, All three bat[crics arc performing in
till C.XL  C.ll Cllt Oliil)llCr,

Doc to higher than rmrmal  diffcrcn[ial half bat[cry vol[agcs
observed or~-fmard  ~JARS, GRO, a n d  o~l]cr satclli[cs,
inlplcmcnlalion of ccrlain o~wralional  tncawlcs  were lho Light 10
k vc[y appropriate cvco Ihoof+ the battery rclalcd parameters
and  {ircomstanccs wcfc nol idcntic a]. in view of this, the
followiag opwational changes were [tla(fc: (i) Iimitcd peak
Cil~gC cl]rrcllt 1020 anll)s n]aximum; (ii) Iin]i[ed ovcrcbwgc by
controlling the rcchat gc fl action, namely, charge/discharge (C/1))
ratio [O 1.05 +/- 0.03 al fi(’~; (iii) limited taI~r  charge corl-cnt
dL1rinp fLtll sLlr~light periods 10 less than zoo n~A; and (iv) osc
lX)W corrcnt sc.nsor  data ralhcr {ban IIIG}I corrcnt sensor data
10 improve the (’/l)  ratio compotation:il  accmicy  when the
t)iittCl~  cuncnts  arc cqoal 01 lower than 3 alnps  ‘f ’hcsc rncasurcs
might have further assorcd ckcc]lcn[ performance being cxhibikxf
by lbc batteries.

Ground Test@ ~Jsaally a certain nombcr  of CCIIS (from— .  — . .
Ihc same 10 I as the ffip, ht cells) arc SCI aside for groond (csting.
‘1’fle rl(ain purpose of tlw ground ICSLS  is to obtain an advanced
warning of any anomaly or degradation. I’his advance
illforlllation a l l o w s  prccaotionary n~casLwcs  M bc taken wi[h
resfxm to ffigllt trallcry operational mocfcs, cnvironmcnl, clc to
avoici or minirni~.c soch anrm~aly/degradation.

To date the I’OPIIX tcs[ cells, ondcr-going  ground tests
(1 .ifc/Stress Tcsl, Mission Sinlalalirrn I’cst, aocf ~’cmpcra[urc
cffcc[ Tcst)[4], have cdlibi[cd  rcsalts mmparing  favorably wi[h
rcsLtlls from traditionally “good” cells.

Analysis. The “fol)I{X/l’oscidon CCIIS were nlanLlfaclorcd
accord ing  to  the  NASA Stand al-rt  50 Arnpc[c-lloor  ~cll
Spccifrcation with additional Mandatory lnsj)cc[ion ]’oin[s. I’flc
groLald C e l l  tcs[s and m-orbit pcr formancc o f  Ihc
TOI’} X/Poseidon bat (m ics rcaff’irmed  tha[ the l’OI’IIX/l)(~sci(  lot~
cells in fact fall Llndcl llIc category of traditional “good” cells.
These facts fm[hcr subs[antiatcd the use of the NASA Battery
I ,ifc l’rcdictiorm (1X)1) Vs (~yclc I.ifc.) as prcscntcd in I:igorc-4.
In addition to cycle Iifc, Ilw cod of night (discharge) volts.gc is
csscn[ial for olscralion of Itlc sl]acccIaf[. 7’able-3 sollilnarims  the
data from (1IC life tcsti]l~. corlductcd (at NS\VC, Crane) on NASA



.

S t a n d a r d  SO AI I CCIIS,  F’igLtrc-3 ptcscn[s [he cnd of n i g h t
(cfischargc) vohagc Vs cycle Iifc cxlralx)la[wi usin:, (he groLlnd
(Ml cfala fron~ T’O1’liXfl]{)scicic)tl CCIIS.

Qase-A:  No Cell/Battery Degradation/Failure. First Ihc
rinliciprrlcd povmr dmnrmi f r o m  (IIC l’ol’IIXfl’ost’icl(Jll  i s
cstimalcd ami ballcty  dep th  of  discht+rgc for each case is
con]pLNcd.  Next, (I)c bat[cry life concsponding  [o each DOI> is
rcari ftom the Figure-4. The rcsulls arc sunlmari?cd in Table-4.
From this lablc, it can bc cwncludrd that Ihc cncrp,y s torage
require.mcnk can bc met for up 10 8 years.

Case-B: After a Single Point Failure (One battery is
disconnected from the bus~ A sillglc poin[ failure can occur
al any Iimc. Thus. currcnl analysis is conducted assuming that a
single poinl failure can occur al end of 2 years 10 8 ycam. ‘1’hc
anlicipalcd power dcn~and from Ihc TOI)EIX/Pose idon i s
cslirnalcd first. NCXI, Ihc hat(cry dcp!h of discharge is con~pL1[cd
for two conditions; (a) hcforc Ihc occuncncc  of a single point
faihm,  and (b) aflcr Ihc occulrcncc  of a single point failure.
Now, the battery life is ccrn)putcd  using the ckita from F’igurwl.

From the summari?cd  rcsul(s, in l’atdc-5, it can bc concluded
that lhc energy storage rcquircmcnls can tw rncl for 6 10 7 years
depending upon when a failure OCCLUS.

Power Electronics
I’roper design rc]iabili[y has twcn inmqxmatcd in addi[ion to

e n h a n c i n g  parts rcliabili[y by proper dcralillp,,  stress Icvcl
reduction, and cn~pk~yinF, ~lass-S par[s. Adequate judicious
rcd Lmdancy  has also t~cn incor[ro!atcd in IIW design of lhc peak
power tracker nnd othcl clcc[r onics.

All power clcctmnics  ale I)erforlning ill superb  manner .
Measured peak pmvcr tracking aCcLlriiCy  is bc[tcr than plcdic[cd
and convulsion efficiency is higher tlmn prcdictcd.

CONCLUSIONS
Thus. from (11c above predictions i[ is obvioLls  that the IWS

can mccl all (I]c mission rcquirctncnts of the Tol’IiX/f>”sc.idon
Spacccrafl for al Icast seven years.
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Table-1

Solar Arra De radation Fociors
Mission 1 UV r+==kod=[-===~

1.0 O.woo 0.9980 09960

~~~~~~~~~~~~~~~~~~~ ~~~ ~ I

(I 8700 08561
1.5 0.9888 0.9970 0.9940 08450
2.0

0.8280
0.9875 0.9960 09920 [1 i32&3 08059

3,0 0.9850 0W40 09660 t 9030 07739
4.0 09825 0W20 09840 c 7820 07.500
51Q 0.9800 D, Woo 09800 ..07450
6.0

Q:7274
0.9800 0.9880 o“Q7&o’

~, liii
0 7ioi “’”””

7.0 09000 0.9860 09720 c) 7400 0 6 9 5 0
8 0 09800 09840 0.9680 06814cl 7300 —

Table-2

I Solar ArroY Life Prediction to SUDDIY  Iood to TOPEX

I 1
Gmddmns/Life

Topex Design
~~ ,Qfm, ss til<s+
.?.%?..  $K!%...”  KPM :1 .~. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

[

EOL=  5 Yrs. ss sun, ss temp

(rod! otion,  ROM= 1 ). . . . . . . . . . . . . . . . . .

1----EOL= 5 Yrs, Aug 10, ss temp

( rodlotlon.  RDM= 1)

EOL= 6 Yrs. Aug 10, ss femp

Above plus 2.5 C hotter

Above plus lower currenf Iim!

( rodlotion,  ROM= 1)- - - - -  - - - - -  - - - - -

EOL= 7 Yrs, Aug 10, ss temp

Above plus 4.6 C hotter

Above plus lower current Iimii

( rodlotion,  ROM= 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L
EO1=  8Yrs,  Aug 10, sstemp

Above plus 2.5 C heifer = V/S

Above plus lower current Iimil

( rod!otlon. RDM=l)

2——
Botiery Nlte

Voltoge

0“3

25.8

. . . . . . .

255

- - - - -  -

25.2

- - - - -  -

24.8

0-7

——.. -
3

S/A OLltpUf

:Ot MPS IFIPU

w)

2139

. . . . . . .

2231

2252

———.

2164

- - - - -  -

2059

- - - - -  -

196$’

. —..
4.  —.

P (ovoiloble

10 Iood)

W)— — .

1M3

10$8

,, . . . . . . . . .

1099

.  — -

1056

- - - -  - - - -

Iar?

--—- - - - -

9m

ocec  rofl—— .. ——...
5_—. . .. —.. —

F’(lood req)

(L>esI:] ~,)

W).—

1043

. .

1043

. . . . . .

1 @13

——. .—. -—

1043

- - - - -  - -

1043

- - - - -  - -

1043

6
P(consumec

040

930

0s of 4 f94

. . . . . . . . . . . . . . . . . . . . . .

970

(estlmofed;

995

(estimoted)- - - - -  -

1010

(estimoted)- - - - -  -

102U

(estimotecf)
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Table-s

NASA Skmchd SO AH Ni-C~ Cell Evaluation Dala_ _ _  _— .
‘erformonce Crone Life

‘orameters Tfsi Doto. .. —--— —— —.-

;yde Period 1.48 Hrs

lemperoture 20C

kpth of Dk.chorge 25%

[ofol  Cycles Complefed 27533

Cell Dischorge  Votfoge 1 138 volts

.——

.—
).—

Mission
Durotion  ~

5
6
7
8

.—

Table- 4
~ption:  No cell f
Power Demond
~Estimoted)(W)

970
W5
1010
10’20

bat@ dqy
Deptl 1 of

lischo~re  ~

13.5
13.8
14.0
14,2

Table- 5

Qt!on or foi
Bottery

1 Ife (Yrs)—

>8
>8
>8
>8

..—

e—— .. —— -
Encj c)f Nigh<

volloQe_.—— .—.

Acceptobk
Ace@ obk

h~ay  be
t\4 a y be

ssumption:  Single Point Foilure - One battery Off S; )ocecrofl  Power Bus

SPF Occurred
_ot EOL (%)

2
3
4
5
6
7
B

Mssion

Duroflon  (Yrs)— — -
2

3

4

5
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